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It is well kiwwn that certain of the natural
furocoumarins extend the range of effective
ultraviolet wavelengths beyond 320 nm and
produce intense erythematous reactions with
normally harmless long ultraviolet (1—8). Al-
though it has been consistently observed that
8-methoxypsoralen (S-MOP) activates long
ultraviolet there have been few studies to de-
terrnine the wavelengths at which it is most
effective.
Two investigators (9, 10) have found the
maximum for erythemal activity of 8-MOP
on human skin to be at 360 nrn. Since the
absorption spectrum of 8-MOP (11), has
maxima at 220, 250 and 310 nm (Fig. 1), it
would be necessary to discount basic laws of
photochemistry to accept an action spectrum
maximum at 360 nm without a corresponding
absorption peak. From the Grotthus-Draper
principle the S-MOP molecule would be most
active biologically when in a state of absorbing
light maximally. In a possible explanation of
this apparent discrepancy Pathak et at. (12),
and Pathak and Fellman (13) reported
that maximal phosphorescence and fluorescence
excitation of S-MOP occurred at 360 nm.
However, Yeargers and Augenstein (14) found
that when the excitation spectra obtained for
8-MOP was corrected for inherent errors in
instrumentation there was reasonable agree-
meit in the absorption and excitation maxima,
and that there were no maxima at 360 nm
for absorption or excitation of S-MOP.
In an attempt to elucidate further the bio-
logic action spectrum of 8-MOP we have
utilized laboratory animals and a high in-
tensity moiochromatic light source. We have
also used a microbiological system consisting
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of cultures of Candida albicans and mono-
chromatic light adopted from the technic of
Daniels (15) to determine the action spectrum
of S-MOP for lethal photosensitization.
Animal Studies
METHODS
Male and female adult albino guinea pigs were
depilatedt 24 hours before being irradiated. Guinea
pigs were given 8-MOP intraperitoneally 88 mg
per kilogram body weight of a 4% suspension of
8-MOP in saline with pectin, acacia, and propy-
lene glycol as adjuvants in order to obtain a
better suspension. It has been shown previously
that none of these adjuvants has a photosensitiz-
ing effect. One hour later while under barbital
anesthesia the lower abdominal skin was exposed
to serially increasing amounts of ultraviolet
emitted from a high pressure xenon arc grating
monochrornator (16) with a high degree of spectral
purity (99% of the energy being within nm of
the wavelength setting using a 5 nm half-power
band width). The irradiated sites were examined
for erythema at 24 hours. The minimal erythemal
dose (M.E.D.), the smallest amount of energy
that would produce a barely perceptible erythema
within 24 hours, was determined.
The energy values required to produce erythema
were determined for wavelengths between 320 nm
and 380 nm at 10 nrn intervals. In addition, quan-
titative determinations were obtained from 250
nrn to 320 nrn with and without 8-MOP. The end-
point was determined at least eight times at each
wavelength studied.
Bacteriological System
Direct subcultures of C. albicans grown on
Sabouraud's agar slants were streaked on Sabou-
raud's agar plates which had been prepared to
provide a uniform agar thickness of 4 mm. The
thickness of the agar was kept constant since we
found initially that sometimes more energy was
required to inhibit yeast growth on thick agar.
The density of the C. albicans inoculum was not
extremely critical, although dilute suspensions
resulted in poorly defined zones of inhibition.
After the plates were inoculated 2 mm discs of fil-
ter paper (Whatman *'1) were applied to the
media and impregnated with 0.5 tg of 8-MOP
(0.5 tl of 0.1% suspension of 8-MOP in saline with
Surgex depilatory, Crookes-Bairnes Labora-
tories, Inc., Wayne, N. J.
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FIG. 2. Candida albicans culture with clear zones
around discs indicating inhibition of growth.
pectin, acacia and propylene glycol as adjuvants).
Within 15 minutes a series of 1 cm circular spots
centered around the filter paper discs were exposed
to a series of increasing energy levels of monochro-
matic ultraviolet light emitted from the high
intensity xenon grating monochromator. Wave-
lengths from 295 to 400 nrn were tested at 10 nm
intervals. The interval between application of
S-MOP and irradiation is critical since repro-
ducible results were not obtained if more than 20
minutes elapsed. The plates were then placed in
the dark and the results were read 24 hours later.
The presence of a clear zone around the disc
indicates inhibition of growth induced by photo-
sensitization (Fig. 2). The end point read and
agreed on by the three independent observers was
the smallest energy level with which any visible
clear zone was observed, i.e. threshold for inhibi-
tion of yeast growth. No growth was obtained
when subcultures were attempted from the clear
zones. This suggests the yeast was killed, by this
treatment but it is conceivable they may have
been only in an inhibited state. Simultaneously,
control plates without S-MOP were exposed to
monochromatic ultraviolet from 295 to 400 nm
wavelength. Then S-MOP was applied to other
plates but no light exposure was given.
The threshold end point was determined at least
10 times with and without S-MOP for each point
between 295 nm and 370 nm. Only six end points
were obtained at 380 nm because the light of this
wavelength is weakly inhibitory and a long ex-
posure time is required to obtain inhibition.
RESULTS
Guinea Pig Studies—The long ultraviolet
most effective in producing erythema in
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FIG. 1. Absorption spectrum (300 °K) of 5-
methoxypsoralen in a 1:1 glycerol-water mixture
(after Yeargers and Augenstein).
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FIG. 3. Energy values for erythema productionby long ultraviolet on guinea pig skin after 5-
MOP. (Mean values and 1 standard deviation.)
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psoralen sensitized animals was of wavelengths
from 320 nm to 340 nm (Fig. 3). The energy
requirements were greater at longer wave-
lengths beginning at 350 nm. At 360 nm, 2.5
times as much energy was required as at 330
nm, at 370 nm over four times, and at 380 nm
erythema was not produced even with massive
amounts of energy (>3700 mw-sec/cm2). The
effectiveness for erythema production can be
expressed as the reciprocal of the energy values
required to produce erythema. A curve drawn
from these reciprocal values, the erythema
action spectrum, is shown in Fig. 4. From
this it is apparent that the peak of effective-
ness for erythema production is with ultra-
violet of 330 nm wavelengths. Ultraviolet of
wavelengths 320 nm and 340 nm were slightly
less effective, and a rather rapid loss of effec-
tiveness was found with longer wavelengths.
The erythemal action curves obtained with
ultraviolet of wavelengths from 250 nm to 320
nm using animals with and without 8-MOP is
shown in Fig. 5. At each wavelength erythema
was produced with less energy when psoralen
was given. The differences were significant
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Fic. 5. Erythema action spectrum for guinea
pig skin with and without 8-MOP in short and
mid ultraviolet. (Mean values and 1 standard
deviation.)
at 280 nm (P < .001) and at 300 nm (P <
.05). Without 8-MOP erythema was not ob-
served with wavelengths longer than 320 nm.
The effectiveness of wavelengths from 250
mn to 370 nm is seen in Fig. 6. Less energy
is required at wavelengths of 250 to 320 nm
than with long ultraviolet. These shorter wave-
lengths responsible for erythema production in
non-photosensitized subjects, are more effec-
tive than long ultraviolet even in intensely
photosensitized guinea pigs.
Microbiologic Studies —The wavelengths
having the greatest capacity for inhibiting
growth of photosensitized C. albicans in long
ultraviolet were found between 320 nm and
340 nm. Approximately four times as much
energy was required at 360 nm as at 330 nm;
23 times as much at 380 nm, and above 380 nm
growth was not inhibited even with large
amounts of energy (900 mw-sec/cm2 at 390 nm).
These energy levels are recorded graphically
in Fig. 7 and the action spectrum for inhibi-
tion of growth of C. albicans is seen in Fig.
8. In this curve the peak effectiveness for
growth inhibition is at 320—330 nm, with a
rather rapid decrease in effectiveness at longer
wavelengths. In Fig. 9 the action spectra from
295—320 nm for yeast inhibition with and
without 8-MOP are compared. At 320 nm it
Erytherna Action Curve for Guinea Pig Skin
.30
>
.20
.10
given
\
I I I
o .04
> .03
.02
.01 —
320 330 340 350 36C 370
X nm
Fic. 4. Erythema action spectrum for guinea
pig skin after 8-MOP in long ultraviolet. (Mean
values and 1 standard deviation.)
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Anm
FIG. 6. Erytherna action spectrum for guinea
pig skin. (Mean values and 1 standard deviation.)
took 22 times as much energy without S-MOP
as with it, 16 times as much at 310 rim, and
only 1.5 times as much at 300 nm. At 295 nm
equal amounts of energy were needed. Without
8-MOP growth was inhibited only by wave-
lengths shorter than 320 rim. At 330 rim ap-
proximately 800 mw-sec/cm2 did riot inhibit
growth.
In Fig. 10 the action spectrum for inhibition
of C. albicans is seen for wavelengths extend-
ing from 295 nm to 370 nm. The short wave-
lengths from 290 nm to 320 rim are capable of
killing yeasts without 8-MOP.
8-MOP did not inhibit growth of C. albicans
without exposure to ultraviolet.
DISCUSSION
For years it has been said that the psoralen
compounds are active in a range of wavelengths
longer than mid-uftraviolet. Several studies
have shown that human skin is sensitized to
long wave ultraviolet after topical or oral
psoralen (5, 6). Other authors (7, 8) have
reported the photoserisitizing action of furo-
coumarins in bacteria exposed to long wave
ultraviolet. Also it has been found that the
normally safe long ultraviolet emitted by a
Wood's light will assume carcinogenic prop-
erties in albino mice injected with 8-methoxy-
psoralen (S-MOP) (1). Additionally prolonged
exposure to ordinary fluorescent light of either
albino or pigmented mice given 8-MOP would
initiate erythema arid tumor formation (2).
Cataract formation (3, 4) has occurred in mice
given 8-MOP followed by exposure to long
wave ultraviolet. Certainly our experiments
are in agreement tht S-MOP will broaden the
range of effective ultraviolet to include wave-
lengths longer than 320 rim. However, our re-
sults are at variance with two previous reports
that showed the maximum photosensitizing
effect of 8-MOP at 360 rim. Both the action
spectrum for erythema production in psoraleri-
sensitized animals arid the action spectrum for
growth inhibitiori of C. albicans with ultra-
1000
Energy Values for Inhibition of
of Candida aIbicars
with Ultraviolet and 8-MOP
Erythema Action Curve for Guinea
Pig Skin
36
—
.32
28
>
.24
t 20
.16
.12
08
04
given 8-MOP
\j. —
Control Animals
250 28' 300 320330340350360370
f
100 —
c'J
E
C-,
Un
10
f
f
f
1
I
320 340 360 380
X nm
Fm. 7. Energy values for growth inhibition of
Candida albicans with long ultraviolet and 8-.
MOP. (Mean values and 1 standard deviation.)
ACTION SPECTRA OF 8-METIIOXYPSORALEN 439
.100
.010
1.000
Action Spectrum for I nh bition
of Candida al bican S
violet and S-MOP indicate the greatest effect
of 8-MOP in long ultraviolet to lie below
340 nm. In work to be reported elsewhere
we have found the same maxima for production
of eye injury in guinea pigs given 8-MOP.
Even though the shorter wavelengths are the
most efficient in producing biological effects in
the psoralen state, in actual situations involv-
ing natural sunlight longer wavelengths from
340—370 nm would probably play a more sig-
nificant role because of their relative abun-
dance in sunlight.
Even though 8-MOP is known to be active
with long ultraviolet wavelengths, is it not
also possible that it has photosensitizing ef-
fects in the mid-ultraviolet range? Our results
indicate that S-MOP is biologically active in
the mid-ultraviolet range and that this activity
can be detected even though partially obscured
by the innate photosensitivity of cells to mid-
ultraviolet. Unfortunately the microbiologic
system allows measurement of yeast hhibi-
tion only by wavelengths longer than about
295 nrn. With shorter wavelengths the yeast is
exquisitely sensitive to ultraviolet alone and
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Fm. S. Action spectrum for growth inhibition
of Candida albicans with long ultraviolet and 5-
MOP. (Mean values and 1 standard deviation.)
FIG. 9. Action spectrum for growth inhibition
of Canclicla albicans in mid ultraviolet with and
without 8-MOP. (Mean values and 1 standard
deviation.)
this technic does not allow precise meas-
urement of energy differences of the magnitude
encountered. Although the animal and yeast
studies reveal some biological activity for
S-MOP in the mid-ultraviolet range the tech-
nics utilized do not permit comparison of the
relative effectiveness between mid and long
ultraviolet.
Yeargers and Augenstein (14) stated that if
the photopathological action spectrum maxi-
mum of 8-MOP is confirmed to be at 360 mn
then some unusual mechanisms must be opera-
tive in the skin such as:
a) The photosensitizing agent undergoes a
drastic chemical change upon being incorpo-
rated into tissue.
b) Certain chemicals in the skin filter out
light in the wavelengths region 290—340 m be-
fore it reaches the site at which photopatho-
logical effects take place.
c) The photosensitizing agent reacts with
other compounds upon being incorporated hto
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activity was found at wavelengths longer than
380 nm. Biologic activity by 8-MOP was also
demonstrated in mid-ultraviolet. These find-
ings correlate more closely with the known
absorption spectrum of 8-MOP.
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FIG. 10. Action spectrum for growth inhibition
of Candida albicans in mid and long ultraviolet
with and without 8-MOP. (Mean values and 1
standard deviation.)
tissue to form complexes having absorption
maxima at 360 mt.
Our studies have found biologic action spec-
tra that correlate more closely with the ab-
sorption spectrum of 8-MOP, indicating that
the 8-MOP molecule probably is not abnormal
in its pliotochemical behavior.
SUI\ThtARY
Utilizing a high intensity monochiomator,
the biologic action spectrum for 8-methoxy-.
psoralen (S-MOP) was derived from threshold
energy values required for (1) erythema pro-
duction in sensitized guinea pigs, and (2) in-
hibition of growth of Candida albicans sensi-
tized with 8-MOP.
Greatest efficiency in long ultraviolet was
observed between 320 and 340 nm, and no
